Introduction
The usual requirement for a spectrometer system is to provide the best energy resolution that can be obtained with a set of given experimental constraints. These constraints can change with each experiment, and the experimenter should be able to optimize the parameters of the spectrometer to obtain the best results. Figure 1 shows a block diagram of basic spectrometer. The detector, either silicon or germanium, is connected to a charge-sensitive preamplifier. The detector produces short current pulses of a width equal to the collection time of the detector. These are integrated by the charge-sensitive preamplifier which produces a voltage step at its output. The output step rise time is equal to the collection time of the detector, its amplitude is equal to the input charge divided by the capacitance of the feedback capacitor, and its decay time constant is determined by the preamplifier feedback components.
The preamplifier output signals are amplified and shaped by the main amplifier. The shaping times and kinds of shaping are usually chosen to give the best energy resolution, but compromises must be made to permit high-rate operation.' If the spectrometer is to be used at high rates or in a pulsed accelerator experiment, the electronics should be dc coupled except for the absolute minimum number of ac couplings, such as in the differentiator and baseline-restorer circuits. In a conventional spectrometer system only a single differentiator is needed; this produces a single polarity or unipolar pulse from the shaping amplifier. Double differentiators are used to produce bipolar pulses in special cases with some degradation in energy resolution.
Modern amplifiers use more than one RC integrator--sometimes as high as seven or eight.2'3 As more integrators are used, the pulse shape more closely approaches Gaussian. Gaussian pulse-shaping is close to the ideal shape for best resolution for a given resolving time. For our purpose here, resolving time can be defined as the total width of the shaped pulse; this determines the output rate of "clean" pulses from the system when it is operated at a high input counting rate. At high random rates many pairs of pulses interfere with each other to produce distorted pulse shapes. Figure 2 shows a block diagram of the chargesensitive preamplifier and two methods of connecting the detector. In the upper circuit the detector is ac coupled to the preamplifier and while it is dc coupled in the lower circuit. The ac coupling requires two extra components, the detector load resistor (RL) and the coupling capacitor (Cc). These components contribute noise and increase the stray capacitance to ground, thereby degrading the energy resolution seriously in a high resolution spectrometer system. Furthermore, an additional differentiation is produced in this input circuit. For these reasons, most high-resolution spectrometers are dc coupled. One disadvantage with dc coupling is that the detector leakage flows through the feedback resistor causing an offset in the output voltage of the preamplifier. This is normally not a problem in cooled detector systems. The important components of the preamplifiers are the FET, feedback capacitor, and feedback resistor. The feedback capacitor determines the charge sensitivity of the preamplifier. The feedback resistor contributes step noise as do leakage currents of the detector and the FET gate circuit. The resistor value should be large to minimize its contribution to the noise. However, the feedback resistor also determines the value of the product of input rate and average energy per pulse at which the preamplifier will saturate. Figure 3 shows the electronic resolution of a high-resolution silicon system as a function of shaping time (peaking time) of the main amplifier.
The one dotted line (Ns2) represents the step noise, and is proportional to the total leakage current (I) at the input of the preamplifier, and to the shaping time (T). The noise from any parallel resistive components in the input circuit (+feedback) has the same characteristic as leakage current noise and can be included with the total leakage according to the relationship IR= 
High-Rate Performance
The main amplifier used with the pulsed-light feedback preamplifier must be able to handle the large overload produced by differentiation of the fast reset waveform from the preamplifier and recover rapidly from it. The amplifier used by us produces a nearly Gaussian shape and has a recover time to within about 0.1% of the baseline of less than four times the peaking time. The peaking time can be changed to optimize the output rate and resolution when used at high rates. Figure 5 compares the input rate with the output rate and resolution of a silicon pulsed-light feedback system of an Fe55 6 keV x-ray source. A pileup rejector removes interferring pulses. The output rate for this particular system can be doubled by reducing the 17 ps peaking time to 9 us with only about 35 eV degradation in resolution in the 6 keV x-ray peaks. Some FET's, when reset with the light, have a low level after-effect that can last for several milliseconds. With care this can be compensated electronically to reduce the effect to a time less than 100 Ps. Much care must be taken to reduce after-effects in the whole system to obtain good energy resolution for high energy signals at high rates. For example, if there are many slow pulses from the uncompensated or dead regions in the detector, the resolution is degraded at high rates. Planar high-purity germanium detectors produce practically no slow pulses compared with Li-drifted germanium detectors and therefore produce better spectra at high rates.
While very low noise and good electronic resolution is most important in low energy spectroscopy other factors become important at high energy and high counting rates. Figure 6 shows the variation in energy resolution of a cooled silicon detector as a function of energy due to statistical effects of charge production in the detector and for various values of electronic resolution. The curves assume a Fano factor of 0.12 for silicon. The energy range is from 100 eV to 100 keV. Note that at 100 keV, if the electronic resolution is under 50 eV, the spectrometer resolution is 500 eV, and if the electronic resolution is 250 eV, the total resolution is about 550 eV. This 50 eV change is only 0.05% of the total energy. At high rates, the resolution can easily degrade much more than this if care is not taken to minimize all after-effects in the system. Figure 8 illustrates the effect of such a pile-up circuit. A cooled silicon x-ray pulsed-light feedback system with a Gaussian-shaped pulse that peaks at 4.5 ps and has a total width of about 12 ws was operated at an output rate of 260,000 counts/sec from an Fe55 x-ray source.
The two spectra were run for the same counting time. The particular pile-up rejector had a resolving time of about 300 ns. This means that if two or more pulses occur within 300 ns of each other the rejector cannot recognize the interference and the pulses would be measured as a single sum pulse. The spectrum with the pile-up rejector shows these sum pulses with double, triple, and quadruple pile-ups. When the rejector is not used, the background at energies higher than the x-ray peaks, was almost two orders of magnitude larger. Consequently, weak peaks at energies higher than strong peak tend to be lost in the pile-up background if no pile-up rejector is used. Note that the counting rate in the main x-ray peaks is roughly the same with or without the pile-up rejectcr.
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